Abstract-Diagnosis of lower urinary tract dysfunction with urodynamics has historically relied on data acquired from multiple sensors using nonphysiologically fast cystometric filling. In addition, state-of-the-art neuromodulation approaches to restore bladder function could benefit from a bladder sensor for closedloop control, but a practical sensor and automated data analysis are not available. We have developed an algorithm for real-time bladder event detection based on a single in situ sensor, making it attractive for both extended ambulatory bladder monitoring and closed-loop control of stimulation systems for diagnosis and treatment of bladder overactivity. Using bladder pressure data acquired from 14 human subjects with neurogenic bladder, we developed context-aware thresholding, a novel, parameterized, user-tunable algorithmic framework capable of real-time classification of bladder events, such as detrusor contractions, from single-sensor bladder pressure data. We compare six event detection algorithms with both single-sensor and two-sensor systems using a metric termed Conditional Stimulation Score, which ranks algorithms based on projected stimulation efficacy and efficiency. We demonstrate that adaptive methods are more robust against day-to-day variations than static thresholding, improving sensitivity and specificity without parameter modifications. Relative to other methods, contextaware thresholding is fast, robust, highly accurate, noise-tolerant, and amenable to energy-efficient hardware implementation, which is important for mapping to an implant device.
I. INTRODUCTION
U RINARY incontinence is a condition affecting 200 million people worldwide [1] and significantly reduces quality of life. Diagnosis of urinary incontinence can range from simple clinical evaluation based on history and a physical exam to more complex tests, such as a clinical urodynamics examination, to determine if the patient has stress urinary incontinence (SUI) or urgency urinary incontinence due to overactive bladder (OAB) or neurogenic detrusor overactivity [2] . During a clinical urodynamics test, the bladder is filled with saline at nonphysiologically high infusion rates for one or two cystometric fills. Two separate pressure sensors, one measuring vesical pressure via an intraurethral catheter, and the other measuring abdominal pressure via a rectal balloon catheter, are used to determine bladder activity. True detrusor pressure is calculated as the simultaneous difference between the abdominal pressure and the vesical pressure: P detrusor = P vesical − P abdominal . The detrusor pressure is then used to distinguish between bladder contraction events and abdominal-induced artifacts caused by coughs, laughs, or changes in posture [3] . The nonphysiologically high infusion rates allow for reasonably short examination times, but may irritate the bladder and confound pressure data, and the small number of cystometric fills provides little data for diagnosis. Extended ambulatory urodynamics testing can provide more data collected at physiologically normal fill rates [4] , [5] . However, this two-sensor system provides an inconvenient and uncomfortable solution for extended ambulatory urodynamics testing. An alternative method of measuring bladder activity over extended durations at natural fill rates would improve diagnosis.
For treatment of urinary dysfunctions, electrical stimulation has been shown to effectively inhibit unwanted bladder contractions in both spinal cord injury patients [6] - [9] and neurally intact patients [10] . The Interstim (Medtronic, Minneapolis, MN) is an implantable open-loop, continuous-stimulation neuromodulator that is currently FDA approved for use in humans to control sensations of urgency [11] . A similar approach using stimulation has been shown to be effective for individuals with neurogenic detrusor overactivity [12] . Open-loop stimulation of the genital nerve is not ideal because the neural pathways could become habituated to continuous stimulation of sensory nerves, potentially reducing the effectiveness of stimulation over time. Stimulation settings may need to be adjusted over time, typically by the clinician. In addition, individuals with neurogenic detrusor overactivity require feedback of bladder activity in the absence of sensation to determine when to empty their bladders, and those with sensation may not wish for stimulation to be continuously active for reasons of comfort. Closed-loop or conditional genital nerve stimulation has been shown to be as effective as open-loop stimulation for increasing bladder capacity [12] , [13] while reducing power consumption and stimulation time [14] , potentially reducing the cost of this treatment modality over time. However, such approaches require feedback to determine bladder activity for closed-loop control.
Both diagnosis and stimulation to improve urinary continence can greatly benefit from a system capable of categorizing bladder events in real time from a single pressure sensor. Generally, these events can be categorized into three types: bladder contraction resulting in voluntary voiding, bladder contraction without voluntary voiding, and abdominal artifact (see Fig. 1 ). Two approaches have been tested for chronic bladder monitoring. One approach measures bladder activity by decoding neural signals from the peripheral nerves of the lower urinary tract and has been used to estimate bladder volume or predict contractions [15] - [17] . However, the viability of this approach to determine bladder activity from nerve recordings is limited by the accuracy and stability of the decoding model and the mechanical stability of the neural interface. A second approach involves implantable sensors, which are capable of directly measuring bladder pressure [18] - [24] . This approach removes the need for an external catheter-based sensor and does not have the drawbacks of a neural recording approach. It remains to be shown if a single sensor is sufficient to identify bladder events or if a second abdominal sensor is required to distinguish these from abdominal and motion artifacts.
Previous work in event-driven or conditional stimulation has demonstrated the feasibility of detecting the onset of urinary bladder contractions from sensors implanted in the bladder wall using static thresholds [25] , hereafter referred to as static detrusor thresholding [SDT, (1) ], or a hybrid of static and adaptive thresholds [22] , referred to as hybrid detrusor thresholding [HDT, (2) ], summarized here:
If the detrusor pressure, P det , at the current time, t, crosses a fixed threshold, T , then stimulation is turned ON under the assumption that a bladder contraction is occurring. The HDT algorithm adds a moving average of the previous 30 s, avg (30) , to account for drift. Because these algorithms identify a bladder contraction by pressure exceeding a threshold value, they are prone to administer stimulation at inappropriate times, such as when an individual coughs. If these algorithms overstimulate, then more power is consumed than necessary, the risk of habituation to stimulation is increased, and the user may be uncomfortable with stimulation at inappropriate times. To avoid false positives, a second sensor is required, but frequent resetting of the threshold may still be necessary.
This paper presents a context-aware thresholding (CAT) algorithm, which is a novel, tunable, wavelet-based adaptive algorithmic framework for rapid, accurate, and automatic detection of bladder events and rejection of artifacts without using a second, separate sensor. This algorithm has applications in both real-time and offline processing of single-sensor bladder pressure signals, or as a stimulation trigger in a closed-loop system. The event detection algorithm is amenable to efficient hardware implementation, which is important for mapping it inside an implant unit. We have developed an automated method for tuning our system to an individual patient using a set of operational parameters, thus maximizing the efficacy and efficiency through the use of a novel conditional stimulation scoring function. This system was validated using a set of prerecorded data from human subjects with neurogenic bladder in an emulated real-time environment.
II. METHODS
The primary objective of our algorithm was to detect and identify bladder events, including contractions and stress events, without requiring a second sensor. The system requirements included amenability to efficient hardware implementation and the ability to maintain a high level of accuracy despite artifacts and other sources of physiological or sensor noise [26] and take into account the potential variation in the patient population, changes in patient physiology over time, or hardware issues, such as loss of sensitivity or sensor drift. The system also needed to be reprogrammable and tunable to an individual.
A. Vesical Pressure Signal Processing
The basic algorithm structure includes three stages: initial filtering, wavelet transform, and adaptive thresholding (see Fig. 2 ). The signal is initially filtered using an exponential moving average (EMA) [27] , with a low-pass cutoff frequency of 0.01 Hz. EMA filtering is chosen because it allows the system to operate in an almost predictive manner by assuming that repeated spikes in pressure can potentially result in a true bladder contraction. For a hardware implementation, the computation is inexpensive, requiring very few operations and a single unit of delay, enabling real-time operation. Furthermore, by filtering close to DC, changes in pressure are effectively limited to those caused by passive stretching of the bladder. Contractions, which occur at higher frequencies, are sustained and, while slightly attenuated, remain present in the output. The output of the EMA is then processed by applying a multilevel discrete wavelet transform (DWT). We chose the Daubechies 4 wavelet as the basis function for use in the algorithm. This wavelet was chosen for its performance at extracting frequencies of interest for this application and its ease of implementation. Furthermore, the wavelets are constructed to minimize the number of filter coefficients required to approximate a given signal [28] , reducing the computational burden on hardware implementation.
In clinical urodynamics, the effects of artifacts are negligible as patient motion and activity level are controlled, and a global threshold can work well for detecting bladder contractions. However, for ambulatory urodynamics without an abdominal reference sensor, a fixed threshold is vulnerable to patient movement and sensor drift. Thus, an adaptive threshold, which considers local trends in the data, may be more robust in a realworld ambulatory setting. We investigated two statistical methods of adaptive thresholding, which consider either the mean and standard deviation or the quantiles within a given window size.
Using standard-deviation-based thresholding, the algorithm labels a contraction when the approximation of the vesical pressure rises two standard deviations above the window mean. Similarly, artifacts are considered to occur when the detail coefficients, or outputs from the high-pass filters, rise by the same amount. At this stage, the original signal is heavily processed. Therefore, any residual artifacts will cause spikes in the detail coefficients, enabling detection. Since the bladder pressure approximation does not change significantly between subsequent windows, the mean need not be recomputed for each sample, providing a tradeoff between power savings and accuracy in hardware implementation.
Using the quantile-based adaptive thresholding, the values in the window are sorted by rank order. Samples in either the approximation or detail coefficients exceeding a threshold percentile are considered bladder events or artifacts, where the threshold percentile may be adjusted by the physician. Since the list remains partially sorted, new samples can be rapidly inserted into the list. Furthermore, separate significance threshold values for approximation and detail coefficients allow algorithm tuning based on the desired detection and false positive rates.
B. Algorithm Optimization and Output
The ability to optimize algorithm performance for a specific user is crucial to the successful implementation of the framework. To enable user-specific optimization, we introduced a set of tunable input parameters into the system. To provide this level of flexibility, the tunable parameters included 1) sample buffer length, 2) approximation coefficient sensitivity, and 3) detail coefficient sensitivity. The sample buffer length refers to the time in seconds of history to retain, while the approximation and detail coefficient sensitivity refer to the percentile required for a new input value to be classified as the start of a contraction or artifact, for approximation and detail coefficients, respectively. A high value for the sample buffer length could result in a prohibitively large history buffer. At each level of the DWT, however, the data rate is halved, so it is possible to store a longer history with fewer samples while retaining the general trend of the signal. Furthermore, in a hardware implementation, this reduces the area overhead, delay, and power consumption for computing the local threshold. The second and third parameters affect the probability that the algorithm will attribute pressure increases to actual bladder contractions or artifacts, and they can be individually adjusted to achieve the desired performance.
We defined three quantifiable metrics from the output of the algorithm: 1) the success or failure of event detection (X), effectively the true positive rate; 2) the number of false positives detected per contraction event (Y), and the duty cycle of the stimulator, which measures the time the stimulator is on divided by the total duration of the recording (Z). Together, these metrics aggregate the effectiveness of the algorithm at detecting an unwanted bladder event with sufficiently short delay to prevent the unwanted event with electrical stimulation. We defined a cost function termed the Conditional Stimulation Score (CS Score) that combines these three metrics to tune the algorithm and to compare performance to other algorithms:
Due to the importance of a high detection rate, the percentage of true positives (x) is squared in order to penalize input parameters resulting in a value below 1, while perfect detection remains unchanged. False positives (y) and duty cycle deviation (z) are linear terms weighted such that every five false positives, and every ±50% deviation from the ideal duty cycle result in an equivalent decrease in CS Score. Additionally, combining these terms allows the system to compensate for either 1) a high number of short duration false positives (i.e., high y, low z), or 2) a small number of high duration false positives (i.e., low y, high z), which result in scoring penalties regardless. Example CS Scores for various parameter combinations are shown in Fig. 3 . Algorithms may have the potential for a significant number of false positives, especially with noisy or realworld data, and so values ranging from 0 to 20 have been chosen to demonstrate the effect that a high number of false positives will have on the algorithm score.
C. Human Data Acquisition
Urodynamic examinations providing vesical and abdominal pressure data were collected from a total of 64 tracings from 14 human subjects sampled at 100 Hz. Note that these data were not collected for the purpose of developing this algorithm, and the sampling rate was chosen or set by the clinical equipment for the particular needs. Subjects had neurogenic detrusor overactivity and two to nine cystometric fills were completed. These clinical tests were conducted at the Louis Stokes Cleveland Department of Veterans Affairs in Cleveland, OH (IRB #12023-H12). All procedures followed protocols that were reviewed and approved by the Institutional Review Board and followed standard clinical practices.
Pressures were recorded as part of clinically standard urodynamics test, which involves filling the bladder with saline to observe its behavior [29] . Briefly, a dual lumen intraurethral catheter was inserted, with one lumen used to infuse saline into the bladder at approximately 50 ml/min, depending on the clinical scenario, and the other lumen used to measure continuous vesical pressure via an external fluidic transducer. In addition, an anorectal balloon catheter was inserted to similarly measure continuous abdominal pressure; continuous detrusor pressure was calculated as the difference between the vesical and rectal pressures. Filling was continued until a reflex bladder contraction was evoked, which usually resulted in voiding around the urethral catheter. After each cystometric fill, the bladder was completely emptied.
D. Algorithm Evaluation
To evaluate the efficacy of the CAT algorithm classifying bladder contractions and to compare to other methods, we implemented the algorithms in MATLAB (Mathworks, Natick, MA) and tested them with the recorded urodynamics data from human subjects. A summary of the algorithms tested is provided in Table I . Three other methods besides those from the literature (SDT and HDT), and the proposed method (CAT), are also included for comparison purposes. Global detrusor thresholding (GDT) and global vesical thresholding (GVT), which are derived from SDT, are used to demonstrate how a static thresholding method may be viable on either detrusor (GDT) or vesical (GVT) pressures if the threshold is tuned to an individual. Adaptive vesical thresholding (AVT), which is a variant of CAT, does not include an intermediate DWT and is used to demonstrate the effect of performing thresholding on the wavelet coefficients rather than the time domain signal.
During testing, a real-time environment was simulated in which the algorithms were limited to accessing data on the time course in which it was produced, without access to future data. Then, for each algorithm, the CS Score was calculated to compare their performances. Algorithms were tuned using two methods. First, they were tuned to each individual using only the first of the available urodynamics tracings; parameters generated from each training set were applied to the same individual. Second, algorithms were tuned to a subset of 14 tracings, one from each patient, and applied to the entire dataset.
For both training methods, the onset of a contraction was identified by inspection. Each recorded cystometric fill contained exactly one voiding contraction; thus, any events detected outside of this range were considered to be false positives. To effectively inhibit an unwanted contraction, stimulation must occur well before the leak point pressure is reached; therefore, we assumed contractions must be detected within 1 s for effective stimulation, and any events detected after this time were considered missed events.
E. Algorithm Tuning
While SDT and HDT were implemented as described in the literature, the other methods were tuned to individuals by modifying parameters to maximize the CS Score for that algorithm. These parameters include the low-pass filter cutoff frequency (for all tuned algorithms), as well as algorithm-specific parameters: static threshold (GDT and GVT), history buffer length (AVT and CAT), sensitivity (AVT), and approximation/detail sensitivities (CAT). Thresholds between −50 and 50 cmH 2 O were tested for GDT and GVT. Windows ranging from 5 to 120 s were tested for both AVT and CAT. Sensitivities between 0 and 1 were tested for AVT sensitivity and both approximation and detail coefficients for CAT. These parameters were found to have a significant impact on the performance of each algorithm, with per-subject detection accuracies ranging from 0% to 100%, false positive rates ranging from none to hundreds, and CS Scores ranging from negative tens to nearly perfect scores.
The algorithm was considered tuned when a parameter combination resulting in the largest CS Score was found. Similarly, a global tuning method was explored, where parameters were tuned based on a subset of the data and applied to the remainder. Here, a more robust algorithm would still perform well, though not as well as with individualized tuning.
In practice, the sudden and repeated application of conditional stimulation could cause patient discomfort, so parameter optimization must seek to 1) maximize detection accuracy, 2) minimize false positives, 3) minimize detection latency between contraction onset and event detection, and 4) minimize the stimulator duty cycle. Failure to select appropriate parameters can result in oversensitivity to noise or other low amplitude pressure fluctuations. With optimally chosen parameters, a reliable and robust algorithm will have consistently high detection rates while similarly limiting the number of false positives.
Resulting CS Scores were analyzed using Tukey's pairwise comparison (p < 0.05) to determine if CAT is more effective than the other methods for detecting bladder contractions. Data from tuned methods and untuned methods were pooled to determine if tuning can improve efficacy. Finally, data from static methods (GDT, GVT) and adaptive methods (AVT, CAT) were pooled and tested to determine if adaptive methods are more effective than the static methods.
III. RESULTS
In this section, we present results for CAT and provide comparisons to the other algorithms tested.
A. Context Aware Thresholding
Bladder pressure is a smooth signal relative to pressures caused by abdominal pressures, and slopes in an appropriately sized window can be approximated well with linear functions. Most artifacts due to abdominal pressure changes, such as those initiated by coughs, laughs, and sneezes, generally present as abrupt, transient spikes in the vesical pressure and thus appear in the detail coefficients, as shown in Fig. 4 , where they were analyzed as potential artifacts. While simple changes in posture could have an effect on the vesical pressure, these types of slowly changing pressure artifacts were not tested in this study because they were not reliably present in the data set. Fig. 5 shows sample outputs from the CAT algorithm, specifically contraction detection (a) well before the contraction onset or leak point pressure (dashed line) and artifact detection (b), which were not classified as contractions due to the higher rate of pressure increase. Finally, Fig. 5(c) gives an example of the denoising capabilities of wavelets, which demonstrates how adaptive thresholding in the wavelet domain can improve the specificity of the detection algorithm.
B. Algorithm Comparisons
Three static methods (SDT, GDT, GVT) were tested using different threshold values. With SDT, the same threshold of 
10 cmH 2 O was used for each urodynamic tracing, while GDT and GVT were both tuned to individuals. Similarly, three adaptive methods (HDT, AVT, CAT) were tested. Algorithms were compared, testing the contraction detection rate, false positive rate, duty cycle deviation, and overall CS Score (see Fig. 6 ). Results for both individualized and global tuning are summarized in Tables II and III . As a hybrid of static and adaptive methods, HDT did not perform significantly better than either of the static methods, despite having a moving threshold. Conversely, AVT and CAT both demonstrated significant improvements in detection accuracy (95% and 97%, respectively) over static methods, though the false positive rates increased slightly when compared with GDT and GVT. For most tracings, operating in the wavelet domain resulted in fewer false positives while maintaining a high degree of accuracy.
From a latency perspective, the CS Score accounts only for whether or not detection occurred within 1 s of contraction; the precise latency is not used for scoring. Therefore, it is important to note the differences in detection latency between the algorithms, as shown in Fig. 7 for a subset of detections. Note that negative latencies represent detection prior to contraction onset. CAT is more likely to detect contraction onset a short time in advance, reducing the possibility of overstimulation.
Using Tukey's pairwise comparisons, we found that a significant difference existed between the two methods not tuned to individuals (SDT, HDT) and the four that were (GDT, GVT, AVT, and CAT). Among tuned methods, we found a significant difference existed between the two purely static methods (GDT, GVT) and the purely adaptive methods (AVT, CAT). From this, we concluded that tuning the algorithm to an individual can improve performance even for a static method. Compared with AVT, the addition of the DWT improves CAT by providing two signal outputs for event detection, reducing the occurrence of false positives, and allowing for more efficient hardware implementation.
IV. DISCUSSION
There is a small time window during which stimulation will be effective at inhibiting bladder contractions once the contraction has begun. The leak point pressure, the point at which the pressure has sufficiently risen to cause a leak, can often take several seconds to reach after the onset of contraction. However, stimulation must begin well before this pressure is reached. We accounted for stimulation onset delay and transmission latency by assuming that the system must detect an event within 1 s of contraction onset to successfully prevent a leak. Given this constraint, it was necessary to find a level of signal decomposition that met the delay requirement while yielding the best possible approximation. We found that a fifth-level decomposition, when paired with an initial EMA filter, improved the output result and offered an acceptable balance between the decay rate of artifacts and attenuation of other high frequency noise sources, without violating the delay requirements.
Note that in a closed-loop neuromodulator, bladder pressure will decrease when contractions are averted by stimulation; as such, the concept of duty cycle only makes sense on a recording used for tuning purposes. Nevertheless, it is important to consider this metric because an ideally tuned algorithm should only begin detecting the contraction at contraction onset and end detection when the contraction has subsided. Therefore, the closer the stimulation duty cycle is to that of the contraction, the more attuned the algorithm is to the individual tracing. In practice, a more important metric is the detection latency, which is reported in the results due to its real-world applicability.
A. Detection Accuracy and False Positives
In addition to the scoring system, rates of accuracy and false positives must also be viewed in a clinical context. Patients suffering from OAB can typically expect to experience eight or more contractions within a 24-h period [2] . The false positive rates measured in our experiments are reported as the number of false positives per contraction event; therefore, an adaptive thresholding technique like CAT could result in ten extra stimulations per day. This would be a significant improvement over open-loop continuous stimulation, which drains the power supply, while potentially habituating the patient to a certain level of stimulation. Comparatively, tuned static thresholds like GDT or GVT could result in 7-14 stimulations per day. However, the contraction detection rate is approximately 73%, so these methods may provide inferior contraction prevention. The use of untuned static or adaptive methods could result in several hundred unnecessary stimulations per day, especially if the sensor output becomes noisy or drifts, or if patient behavior leads to a large number of abdominal pressure artifacts. 
B. Detection of Artifacts
For an automated bladder event detection system, detecting every artifact event may not be desirable, since it may be beneficial to stimulate on certain noncontraction events. For some patients, especially those with SUI, certain triggers that would normally be considered artifacts, such as laughs or coughs, may instigate urine leakage [30] . Activities such as bending over result in sustained rises in pressure and can mimic bladder contractions such that the system will suggest stimulation despite a lack of bladder activity. The need to minimize false positives is therefore something a patient might influence, e.g., in nonsensate patients, the algorithm can be tuned to increase sensitivity to such events. The false positive rate will increase, but at the request of and in the best interests of the patient.
In our study, the input parameters were varied to fine tune each algorithm to a single patient. From the SDT, GDT, and GVT results, we observed that a simple threshold is ineffective for controlling a conditional stimulator, given the large intraand interpatient threshold variation. Similarly, the computation of the moving threshold of HDT is relatively simple, but the constant threshold of 5 cmH 2 O resulted in a significant number of false positives, especially for noisy data. Conversely, the adaptive methods AVT and CAT both demonstrated significant improvements when considering both detection rate and false positives, at the cost of increased computational complexity. For individual tuning, CAT detected 97% of contractions within 1 s of onset without a significant number of false positives. For global tuning, the detection accuracy decreased slightly, and the false positive rate increased, but the CS Score was still greater than the other algorithms, making it the best choice for analysis of multiple urodynamics tracings and constant recordings from one patient, as well as a conditional stimulation trigger.
C. Hardware Implementation
The CAT algorithm was designed to balance performance with the cost of hardware implementation. The initial filtering contains only one delay unit, and requires one multiplication and two signed additions. The lifting scheme [31] , [32] is commonly used for hardware implementations of the DWT, and previous work [33] has demonstrated energy-efficient design techniques, leading to a 20-channel DWT-based digital signal processor for implantable neural microsystems synthesized in 70-nm technology with an area of just 0.21 mm 2 consuming 10 μW of power. While adaptive thresholding is more complex to implement in hardware, its performance over global static thresholding warrants the extra cost. In addition, the buffer is constantly partially sorted, and only one new sample must be ranked for each iteration. This insertion type is a relatively inexpensive operation for which efficient hardware implementations already exist [34] .
D. Stimulation Routines
By itself, the CAT algorithm is not designed to directly control a stimulator. Rather, it enables real-time detection and categorization of specific bladder events and is capable of distinguishing them from artifacts, useful for a closed-loop stimulation system. A conventional continuous stimulator, such as the Medtronic Interstim [11], can potentially be integrated with an event-detection system that implements the proposed algorithm. Categorizing events rather than directly controlling stimulation provides the necessary flexibility to aid in diagnosis and treatment of a wide range of lower urinary tract disorders. Though this study focused on detecting voiding contractions, detection of nonvoiding contractions is possible with the same system. These events are generally shorter in duration and intensity, and have different pressure rise and fall times compared to voiding contractions. Stimulating on voiding contractions can be desirable if the patient has neurogenic bladder, as the contractions are not controlled by the individual. However, different patients will likely require different stimulation routines or patterns for various bladder events.
V. CONCLUSION
In this study, we have presented CAT, a real-time highly accurate bladder event detection system that does not require an abdominal reference sensor. Compared with static methods, CAT offers consistently accurate classification with few false positives and can therefore be used to augment existing diagnostic and treatment techniques for urinary incontinence, including ambulatory urodynamics and closed-loop neuromodulation. The presented patient-specific optimization method improves accuracy for both static and adaptive algorithms; the tunable parameters can be adjusted to increase noise tolerance, reduce false positives, or increase sensitivity, achieving the desired balance between patient comfort and treatment efficacy. The algorithm was designed to be efficient in hardware, and future work will focus on this implementation, as well as its clinical evaluation and use with wireless implantable bladder pressure sensors for providing closed-loop feedback to a commercial stimulator. Finally, applications to computer-aided diagnostics of lower urinary tract dysfunction will also be investigated.
